TITLE OF THE INVENTION 
APPARATUS FOR FIXING TONER ON TRANSFERRED MATERIAL 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a heating 
apparatus using induction heating, and in particular, 
to a fixing apparatus available for a copying 
apparatus, a printer apparatus or the like which is 
an electrophotographic system using a thermal melting 
image developing agent, the fixing apparatus fixing the 
image developing agent on a recording object, 

2. Description of the Related Art 

A fixing apparatus built into a copying apparatus 
using an electrophotographic process heats and melts 
toner (image developing agent) formed on a fixing 
material (recording material), and fixes the toner to 
the recording material. In recent years, induction 
heating has been widely used as a heating method in 
which a heating time, which is a time from the point in 
time when electric power supply is started until the 
time when it reaches a fixable temperature, can be 
reduced. Further, there is a report in which the 
characteristic of a roller (or belt) as one of the 
factors by which a heating time can be reduced. 

For example, in Jpn. Pat. Appln. KOKAI Publication 
No. 2002-295452, a roller having elasticity and 
adiathermancy, and a heating apparatus using the roller 



are shown. As the feature of the heating apparatus 
disclosed in this document, there is shown that the 
starting of heating is fast (a time from the point in 
time when electric power supply is started until the 
time when a fixable temperature is reached) . 

For example, in Jpn. Pat. Appln. KOKAI Publication 
No. 2002-213434, a heating apparatus is shown in which 
toner fixed on a recording paper is hardly stripped 
off. As the feature of the heating apparatus disclosed 
in this document, there is shown that a contact length 
between a heating roller and a pressure roller in the 
direction in which the recording paper is conveyed, 
i.e., a nip width, is made sufficiently large. 

However, even when the heating apparatuses shown 
in the two documents described above are used, heat 
generated at the conductor layer portion is not 
necessarily sufficient for fixing toner to a recording 
material due to a material of a core material of a 
roller, i.e., a rotator, or a distance between the core 
material and a conductor layer (fixing surface) of the 
surface. Further, there is verified that a rise in the 
temperature of the core material which does not 
contribute to a rise in the temperature of the fixing 
surface . 

BRIEF SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 
fixing apparatus in which a time from starting of 
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heating, i.e., the point in time when electric power 
supply is started, until the time when it reaches a 
fixable temperature is short, and toner can be firmly 
fixated to a recording material. 
5 According to one aspect of the present invention, 

there is provided a heat generator for use in a heating 
apparatus, comprising: 
a central shaft; 

an elastic body formed to be a predetermined 
10 thickness at a circumference of the central shaft; 

a conductor layer formed to be a predetermined 
thickness at a circumference of the elastic body; and 

a second elastic body formed to be a predetermined 
thickness at a circumference of the conductor layer, 
15 wherein the heat generator is elastically deformed 

at a position which contacts a member to be contacted 
with the second elastic body at a predetermined 
pressure, and can supply heat and pressure to a medium 
to be supplied between the second elastic body and the 
20 member to be contacted, and an image developing agent 

carried by the medium. 

According to another aspect of the present 
invention, there is provided a fixing apparatus 
comprising : 

25 a heat generator including a central shaft, an 

elastic body formed to be a predetermined thickness at 
a circumference of the central shaft, a conductor layer 



formed to be a predetermined thickness at a 
circumference of the elastic body, and a second elastic 
body formed to be a predetermined thickness at a 
circumference of the conductor layer; 

a magnetic field generator which provides a 
magnetic field such that the conductor layer of the 
heat generator can generate heat; and 

a pressure member which is provided along the 
central shaft of the heat generator, and applies 
pressure that deforms the elastic body layer by a 
predetermined amount to a predetermined position of the 
central shaft or the heating generator, 

wherein the central shaft includes material of a 
quality which does not generate heat when a magnetic 
field is supplied thereto, or which is not affected by 
magnitude of a magnetic field used as heat which the 
conductor layer should generate. 

According to another aspect of the present 
invention, there is provided an apparatus for fixing an 
image developing agent carried by a recording material 
onto the recording material, comprising: 

a heat generator which includes a region formed 
from a first material in which a resistivity is 
10 6 (O-m) or more, a Curie temperature is 180°C or 
more, and a relative permeability is 200 or more, and 
a region formed from a second material different in 
a characteristic from the first material, the heat 



generator further including a central shaft, an elastic 
body formed to be a predetermined thickness at a 
circumference of the central shaft, a conductor layer 
formed to be a predetermined thickness at a 
circumference of the elastic body, and a second elastic 
body formed to be a predetermined thickness at a 
circumference of the conductor layer; 

a magnetic field generator which provides a 
magnetic field such that the conductor layer of the 
heat generator can generate heat; and 

a pressure member which is provided along the 
central shaft of the heat generator, and applies 
pressure that deforms the elastic body layer by a 
predetermined amount to a predetermined position of the 
central shaft or the heating generator. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 
in part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and 
obtained by means of the instrumentalities and 
combinations particularly pointed out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 
illustrate embodiments of the invention, and together 
with the general description given above and the 
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detailed description of the embodiments given below, 
serve to explain the principles of the invention. 

FIG. 1 is a schematic diagram illustrating an 
entire configuration of a fixing apparatus to which an 
5 embodiment of the present invention is applied; 

FIG. 2 is a schematic diagram illustrating an 
internal structure of a rotator which is available for 
at least one of a heating roller and a pressure roller 
of the fixing apparatus shown in FIG. 1; 

10 FIG. 3 is a graph showing results in which, when a 

material of a conductor layer used for the rotator (the 
heating roller or the pressure roller) is Ni (nickel) 
and a material of a core material is changed, 
variations in quantity of heat generated from the 

15 conductor layer are determined with respect to 

distances between the conductor layer and the core 
material; 

FIG. 4 is a graph showing variations in magnitude 
of heat generated from the core material when the 
20 material of the conductor layer used for the rotator 

(the heating roller or the pressure roller) is Ni, and 
a distance between the core material and the conductor 
layer is changed; 

FIG. 5 is a schematic diagram illustrating one 
25 example of another embodiment of the rotator shown in 

FIG. 2; 

FIG. 6 is a schematic diagram illustrating one 



example of another configuration of the fixing 
apparatus to which the embodiment of the present 
invention is applied; 

FIG. 7 is a schematic diagram illustrating an 
internal structure of a heating roller to be built into 
the fixing apparatus shown in FIG. 6; 

FIG. 8 is a schematic diagram illustrating one 
example of another embodiment of the internal structure 
of the heating roller to be built into the fixing 
apparatus shown in FIG. 6; 

FIG. 9 is a schematic diagram illustrating one 
example of another embodiment of the core material 
available for the heating roller shown in FIG. 8; and 

FIG. 10 is a schematic diagram illustrating one 
example of even other embodiment of the core material 
available for the heating roller shown in FIG. 8. 

DETAILED DESCRIPTION OF THE INVENTION 
Hereinafter, embodiments of the present invention 
will be described with reference to the drawings. 

FIG. 1 is a schematic diagram illustrating an 
entire configuration of a fixing apparatus to which the 
embodiment of the present invention is applied. 

As shown in FIG. 1, a fixing apparatus 1 has a 
heating roller 2, a pressure roller 3, and a heating 
apparatus 100. 

The heating roller 2 is a rotator provided with an 
internal structure which will be described hereinafter 



by FIG . 2. Note that the internal structure may be 
applied to the pressure roller 3. 

The pressure roller 3 is an elastic body in which 
silicon rubber, fluoro rubber, or the like is coated 
on, for example, the circumference of a metal core 
material. The pressure roller 3 has the core material, 
and the roller 3 is pressed by a predetermined pressure 
with respect to the heating roller 2 by a pressurizing 
mechanism 4 in a state in which the axis of the core 
material is arranged to be substantially parallel to 
the axis (core material) of the heating roller 2, 
whereby a nip (fixing region) is provided at a position 
where the pressure roller 3 contacts with the outer 
circumferential surface of the heating roller 2. 

The heating roller 2 is made to rotate in the 
direction of the arrow by supplying driving force of 
a driving motor (not shown) by a power transmission 
mechanism (not shown) . Accordingly, the pressure 
roller 3 rotates in the arrow direction due to the 
coupled driving. 

At the outer circumferential surface of the 
heating roller 2, on the basis of the nip portion, 
a stripping pawl 5, thermistors 6 (a plurality of 
thermistors 6 in the longitudinal direction of the 
heating roller 2), a cleaning member 7, a thermostat 8, 
and the like are sequentially arranged along the 
direction in which the roller 2 is made to rotate. 



The stripping pawl 5 strips a paper (recording 
material) P guided by the nip portion from the heating 
roller 2. The thermistor 6 detects a temperature of 
the heating roller 2. The cleaning member 7 eliminates 
toner fixed to the surface (outer circumferential 
surface) of the heating roller 2, powder generated from 
the paper P, and the like. The thermostat 8 detects 
an abnormality in a surface temperature of the heating 
roller 2, and shuts off supplying of electric power to 
the heating apparatus 100. The thermistor 6 and the 
thermostat 8 are provided at the positions where are 
not affected by the heating apparatus 100, i.e., line 
of magnetic force generated from a magnetic flux 
generator such as a coil, for generating magnetic flux. 

At the outer circumferential surface of the 
pressure roller 3, on the basis of the nip portion, 
a stripping pawl 9 and a cleaning roller 10 are 
provided along the direction in which the roller 3 is 
made to rotate. The stripping pawl 9 strips the paper 
P from the roller 3. The cleaning roller 10 eliminates 
toner fixed to the surface of the roller 3, powder 
generated from the paper (recording material), and the 
like . 

The plurality of thermistors 6 are disposed in 
the longitudinal direction of the heating roller 2, so 
that the thermistors 6 can measure a temperature at 
an arbitrary position in the longitudinal direction 



(the axial direction) of the heating roller 2. 
Accordingly, by controlling the heating apparatus 100 
by using a temperature controller (not shown) , 
a deviation in the temperature in the axial direction 
of the heating roller 2 is set to a minimum. 

FIG. 2 illustrates an internal structure of 
a rotator which can be used for at least one of 
the heating roller 2 and the pressure roller 3 of 
the fixing apparatus 1 shown in FIG. 1. 

The rotator 11 is a cylinder shape at which 
a conductor layer 13, an elastic body layer 14, and 
a mold release layer 15 are sequentially arranged on 
the surface of an elastic body layer 12. A core 
material 16 is provided at the center of the 
rotator 11. One or both of the elastic body layer 14 
and the mold release layer 15 may be omitted on the 
basis of the fixing characteristic that is determined 
in accordance with an image forming apparatus (not 
shown) in which the fixing apparatus is built-in. 

The elastic body layer 12 is formed from, 
for example, silicon rubber, or heat resistant sponging 
rubber foam, etc. 

The conductor layer 13 is formed from a material 
at which eddy-current is generated due to electric 
power being supplied thereto by the heating apparatus 
100, for example, nickel or the like, and rises in 
temperature (generates heat) with respect to the 



magnitude of the eddy-current. 

The elastic body layer 14 is formed from, for 
example, silicon rubber or the like, and applies a 
predetermined pressure to the paper P conveyed to the 
nip portion contacting with the pressure roller 3, and 
an image developing agent electrostatically carried on 
the paper, i.e., toner. 

By configuring the rotator 11 from the elastic 
body layer 12, the conductor layer 13, and the elastic 
body layer 14 which are shown in FIG. 2, heat can be 
generated in the vicinity of the surface of the rotator 
11 when the conductor layer is heated by induction 
heating. Accordingly, energy (electric power) 
utilization efficiency can be improved, and it is 
possible to reduce a heating time (waiting time) 
required for the temperature of the heating roller 2 to 
rise to a fixable temperature at which toner can be 
fixed on a paper after electric power is supplied to 
the heating apparatus 100. Further, by adjusting the 
layer thickness and the hardness of the materials of 
the elastic body layer 12, the conductor layer 13, and 
the elastic body layer 14, the hardness of the outer 
circumferential surface of the rotator 11 can be 
adjusted. In accordance therewith, the nip width and 
the stripping performance (characteristic) can be 
arbitrarily set. 

Hereinafter, the results of the experiment for 
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optimizing the respective thicknesses of the elastic 
body layer 12, the conductor layer 13, and the elastic 
body layer 14, i.e., a distance between the conductor 
layer and the core material will be shown (FIGS. 3 
and 4) . 

FIG. 3 shows the results in which, when the 
material of the conductor layer 13 is Ni (nickel), and 
the material of the core material 16 is changed, 
variations in quantity output of heat generated from 
the conductor layer 13 are determined with respect to 
the distance between the conductor layer and the core 
material. FIG. 4 shows the magnitudes output of heat 
generated from the core material when the material of 
the conductor layer 13 is Ni, and the distance between 
the core material 16 and the conductor layer 13 is 
changed. 

It can be distinguished from FIG. 3 that there 
exist materials of the core materials in which heat 
generated from an Ni layer is reduced when the distance 
between the conductor layer and the core material is 
close, i.e., the thickness of the elastic body layer is 
thin. Namely, it can be understood that Fe (iron) and 
Xfe 2 04 (ferrite, i.e., iron oxide or a compound 
including iron oxide) is preferable as the material of 
the core material 16. 

The thickness of the elastic body layer 12 of the 
rotator 11 is subjected to an image forming speed 



(process speed) of the image forming apparatus body 
(not shown) . However, in many cases, the thickness of 
the elastic body layer 12 is, for example, about 3 mm. 
Therefore, in order to make the quantity of heat 
generated at the Ni layer being a quantity output of 
heat available for the fixing apparatus 1, as the 
material of the elastic body, given that a resistivity 
is p(Q-m) and a relative permeability is \i, it is 
preferable that 

[i < 2.81 x 10 9 p 
is satisfied. 

Note that, when ferrite is used as the core 
material, it is preferable that the resistivity is 
10 6 (Q-m) or more, the Curie temperature is 180°C or 
more, and the relative permeability is 200 or more. In 
this case, heat by the core material 16 is hardly 
generated. On the other hand, it has been known that 
ferrite is a high price as compared with iron (Fe) , 
copper (Cu) , and the like, and is not resistant 
(brittle) to an impact. 

As a material of the core material 16, for 
example, non-ferrous metal such as Cu (copper), a high- 
heat resistant resin material, ceramic, or the like can 
be used. 

Further, as shown in FIG. 5, as a core material 
56, by coating the circumference of ferrite with a tube 
shaped resin material or the like, a ferrite content 



can be reduced, and the resistance to an impact can be 
improved. 

FIG • 6 is a schematic diagram illustrating one 
example of another configuration of the fixing 
apparatus to which the embodiment of the present 
invention is applied. Note that the configurations 
which are similar to or the same as those described 
above by FIG. 1 are denoted by the same reference 
numerals, and detailed descriptions thereof will be 
omitted. 

As shown in FIG. 6, the fixing apparatus 101 has a 
heating roller 102 (rotator 111), a pressure roller 3, 
and a heating apparatus 200. Note that the fixing 
apparatus 101 is substantially the same as the fixing 
apparatus 1 shown in FIG. 1 except for the points of 
the heating apparatus 200, the rotator 111 (heating 
roller 102), and the number of the thermistors 6. 

At the fixing apparatus 101 shown in FIG. 6, the 
heating apparatus 200 is divided into, for example, 
three in the longitudinal direction of the rotator 111 

(hereinafter, this is the heating roller 102 in the 
present embodiment) . The heating apparatus 2 00 may be 

configured such that only a magnetic field generator 

(coil body) provided at the interior thereof is divided 

into three parts. 

The respective heating apparatuses or the internal 

coil bodies are divided at predetermined positions 
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relating to (associated with) a width of the paper P 
conveyed between the heating roller 102 and the 
pressure roller 3, i.e., a length in the direction 
perpendicular to the direction in which the paper is 
conveyed. 

Since the plurality of thermistors 6 are disposed 
in the longitudinal direction of the heating roller 
102, the thermistors 6 can measure independently 
a temperature at an arbitrary position in the 
longitudinal direction (the axial direction) of the 
heating roller 102. Accordingly, by controlling 
electric power to be supplied to individual coil bodies 
of the heating apparatus 200 by using a temperature 
controller (not shown) , a deviation in the temperature 

in the axial direction of the heating roller 102 is set 

to a minimum. 

FIG. 7 illustrates an internal structure of the 

heating roller 102 to be built into the fixing 

apparatus shown in FIG. 6. 

The heating roller 102 shown in FIG. 7 is a 

cylinder shape at which the conductor layer 13, the 

elastic body layer 14, and the mold release layer 15 

are sequentially arranged on the surface of the elastic 

body layer 12. 

In the longitudinal direction of the elastic body 

layer 12, at the positions corresponding to the 

positions where the heating apparatuses 200 or the coil 
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bodies in the heating apparatus 200 have been divided, 
there are provided heat transfer members 17 for 
diffusing (transmitting) the heat generated by the 
conductor layer 13 in the longitudinal direction of the 
5 heating roller by heat conduction. 

Namely, the heat transfer members 17 is provided, 
in the longitudinal direction of the heating roller 
102, at regions where the intensity of an induction 
field from the heating apparatus 200 is easily reduced, 
10 whereby a heat distribution in the longitudinal 

direction of the heating roller 102 can be made to be 
uniform. 

As the heat transfer member 17, for example, 
copper (Cu) or the like can be used. The heat transfer 

15 members 17 may be directly provided at predetermined 

positions at the outer circumference of the elastic 
body layer 12. Alternatively, the conductor layer 13 
is made to be a tube shape, Cu is provided at the 
predetermined positions at the interior by plating or 

20 the like, and thereafter, the elastic body layer 12 may 

be formed at the inside. Because the distance between 
the conductor layer 13 and the core material 16 is made 
to be ununiform by fractioned of percentages by proving 
the heat transfer members 17, the thickness of the 

25 elastic body layer 12 at the portions at which the heat 

transfer members 17 are provided may be made thinner by 
an amount corresponding to the thickness of the heat 



transfer members 17. In this case, heat generated by 
the conductor layer 13 can be prevented from being 
varied due to the distance between the core material 16 
and the conductor layer 13. 

FIG. 8 illustrates one example of another 
embodiment of the internal structure of the heating 
roller 102 to be built into the fixing apparatus shown 
in FIG. 6. 

A heating roller 132 shown in FIG. 8 is a cylinder 
shape at which the conductor layer 13, the elastic 
body layer 14, and the mold release layer 15 are 
sequentially, arranged on the surface of the elastic 
body layer 12. At the center of the heating roller 
132, a core material 136 is provided in which the 
portions corresponding to the regions at which the coil 
body of the heating apparatus 200 or the heating 
apparatus 200 itself is divided are formed from, for 
example, iron oxide or alloy including iron oxide 
(ferrite) . 

The heating roller 132 shown in FIG. 8, as the 
core material 136, can reduce the generation of heat in 
the longitudinal direction being made to be ununiform 
due to reduction of the magnetic flux densities at the 
regions into which the heating apparatus 2 00 or the 
coil body of the heating apparatus 200 is divided. 
Further, as compared with the entire core material 56 
made of ferrite described above by FIG. 5, the cost can 
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be reduced. In this case, by coating the core material 
136, in particular, at least the ferrite portions 
thereof with a tube shaped resin material or the like, 
the ferrite content can be further reduced, and the 
5 resistance to impact can be improved. 

As shown in FIG. 9, by passing a shaft 176a 
through in the vicinity of the center of a core 
material 176, in the same way, the resistance to an 
impact can be improved, and the ferrite content can be 
10 reduced. The magnetic permeability of the shaft 17 6a 

is low, and a material whose shearing resistance is 
high is preferable. The shape (cross-section) of the 
shaft 176a may be a circle or a polygon. 

As shown in FIG. 10, by forming the ferrite 
15 portions of a core material 196 from resin materials 

including ferrite, the resistance to impact can be 
improved, and the quantity consumed can be reduced. 

As described above, the heating apparatus of the 
present invention can efficiently convert a magnetic 
20 field to be supplied to the conductor layer into heat. 

The heating apparatus of the invention can reduce a 
loss of energy (magnetic field) which is, as generation 
of heat at the conductor layer, not used. 

By applying the heating apparatus of the invention 
25 to the fixing apparatus, a time required for raising 

a temperature of a heating object to a fixable 
temperature can be reduced while reducing electric 



power consumption (magnetic field established amount) . 
Further, the fixing of the image formed on the 
recording material can be improved. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



